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FOREWORD

The Betasonde was originally developed by Panametrics, Inc. under
the sponsorship of the Division of Isotopes Development of the U.S, A. K. C.
(Contract Monitor: Mr. John C. Dempsey) and the Atmospheric Sciences o
Branch of O. N, R. (Scientific Officer: Mr. James Hughes)., Several launches c
of these carly versions of the Betasonde were carried out at White Sands
Missile Range, under the supervision of Mr., Harold N, Ballard of the Atmo-
spheric Sciences Laboratory.

5

The advanced model Betasonde work reported here was supported by
the Ariny Research Office and was monitored by Dr. Arthur V. Dodd of
the Geosciences Division, The objective of the work was to develop a [light
model of the Betasonde for integration into an Arcas rocket payload and
application in a middle atmospherce flight program al White Sands Missile
Range. This objective has been accomplished and the sonde is now avail-
able. However, the WSMR program in which the sonde wuas Lo be usced was
discontinucd during the fabrication phase. Should funding be available for .
a flight program of density measurements up to 100 km, the Betasonde '
could be infegrated into any of a variety of rockets and usced for the purpose l%
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1. INTRODUCTION

-~
e

1.1 Betasonde Development Summary

The importance of air density measurements has long been recognized.
Furthermore, the importance is increasing due to the necessity of observing
and forecasting atmospheric variables for re-entry, SS5T and other high per-
formance vehicles. Under sponsorship of several Government Agencies,
Panametrics, Inc. developed an Arcas borne sonde that utilizes beta ray for-
ward scattering for density measurement up to about 60 km as shown below.
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Figure 1.1 Cross Section of Original Betasonde Showing Density
Measurement Concept

Essentially, a shield is interposed between an annular shaped beta source
and a detector in such a manner that no direct-path beta particles can be
detected. In the high altitude region (> 20 km), the detector counting rate
is then almost linearly dependent on the atmospheric density, since only
air-scattered particles can reach the detector.

Under AEC, ONR, WSMR and ARO sponsorship, there have becen three
models of this device designed and fabricated:

—s

1) Original Betasonde
2) Low Background Betasonde (1.BB)

3) Betasonde 1L, li

‘
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The work is detailed in References 1.1 - 1, 3. The original Betasonde

used standard size geiger counters (which had a substantial cosmic ray
background effect), whereas the LBB used miniature ones (the same type
used in discovering the Van Allen Belts) to reduce this effect. Betasonde II
uses a semiconductor detector, which has a very low cosmic ray hackground
effect. It is the subject of the effort described in the present report.

All three were designed for flight on an Arcas rocket, and when inte-
grated into it, appear essentially as above. The density measurements
are made as the sonde descends by parachute; hence, it is recoverable and
reusable, As the work has progressed, we have pushed the upper altitud:
limit higher with cach model; Betasonde II could require use of a boosted
Arcas with an apogee in the 90 - 100 km ruegion, provided a sufficiently in-
tense beta source is used. Results obtained with the original version are
discussed in Ref, 1. 3.

Modification of the original betasonde to usc the miniature geiger
counters was funded by White Sands Missile Range (WSMR) and ONR., It
was flown very successfully to an altitude of about 65 kin at WSMR on
April 23, 1976, and a report (PANA-AIR-], Ref, 1.2) is available. Those
atnmiospheric density measurements are included in Ref, 1.1 (Figures 3.1
and 3.2, pg. 23-24).

During the development work on the LBB we became convinced that
the technique could be extended to the 90 - 100 km region by use of a semi-
conductor detector and a more intense beta source (500 mCi). Following
submission of a proposal to the ARO in November, 1975, we began work
on a planned three-phase Betasonde 1I effort:

Phase [ - Research and Development
Phase Il - Design and Fabrication

Phasc III - Flight and Data Analysis

The ARO funding was for the first two pha: s, with WSMR expected to
fund the third phase. Near the end of the second phiase, however, we were
informed that such atmospheric research can no longer be funded by WSMR,

Our progress through the first phasc is dctailed in the annual report,
Ref. 1.1. That work is briefly summarizcd in the present work, alone
with details of the design and fabrication work in Phasce II. That effort
has now been completed, and we could undertake Phase III work at any time.

That work could be described as follows: the instrument must be
integrated into an Arcas payload for launch at White Sands Missile Range
(an alternate vehicle or range could, of course, be uscd), calibrated at

&N




both Panametric

s and in a large (40' - 60') chamber in order to verify the
high altitude (> 70 km) portion of the calibration curve, The proper inten-
sity beta source must be procured for this work, The Betasonde 11 should
then be flown to the 80 - 90 km region at least twice, and the analytical
fitting procedure described in PANA-AIR-2 (Rel. 1.1) should be applicd
to the data. This will form the basis for routine dircct measurement of
atmospheric density up to at least the 80 - 90 kn region,  Reports would
be prepared and the results published.

We would like to point out that, due to the development of lower noise
semiconductor detectors, the possibility exists that this technigue could,
in fact, be extended to the region slightly above 100 km,  But we believe
that such a further development, if desirable, should take place only after
testing Betasonde [T and determining its upper altitude limits.

1.2 Detailed Description of Betasonde II Work
The Scope-of-Work for the subject contract is as [ollows:

The Contractor, as an independent Contractor and not as an agent ol
the Gevernment, shall provide the necessary management, facilities, scr-
vices and materials, as required, to accomplish the rescarch project en-
titled "ATMOSPHERIC DENSITY MEASUREMENT IN THIEE MIDDLE AT MOS-
DHERE 1 avcordance with the Contractor's proposal dated November 1475
and revised daring April 1976 which is incorporated as part of this contract
by reterence. The Contractor shall use the types of personnel listed in Fx-
hibit A, attached, at approximately the level of effort stated,  The rescarch
to be conducted will include but will not necessarily be limited to the design
and fabrication of an instrument wilizing beta radiation to measure atnios-
pheric density to an elevation of 19 Kilometers, The first phase of the re
scarch involves investication of satistactory beta radiation sonrces and Jde-
tection,  Space simulation chambers will be used to measure and cadenlate
the density response to beta radiation, Basced on the resalts, o densaty

sonde wrll he desicned and 1abricated in the second phase o the wori,

Thus, the work under this contract was divided into two phases, as de-
scribed above, and both have been successfully completed,

Section 2 contains a desceription of the method of density micasuremoent
by use of beta-ray forward scattering., A technigue is presented for uti-
lizing an entire array of density measurcments to determine the optiimum
fit to an analytic altitude dependent profile. Mceasurements made with
the Low Background Betasonde are used to demonstrate the technigue,




The design and fabrication work on Betasonde Il are detailed in
Scction 3. As discussed in Sections 2 and 3, calibration results for
Betasonde I yield similar density sensitivity to that for the LBB, pro-
vided the same radiation source is used. For atmospheric application,
the principal difference between the two sondes is that Betasonde 11 has
very low cosmic ray background sensitivity, and so has a higher ulti-
mate altitude limit. To apply Betasonde II up to the 80 km region, it
will be necessary to obtain the proper beta source having strength of
about 500 mCi. The basic specifications for Betasonde Il are given
at the close of Scction 3,

Scctitn 4 contains a short sumimary of results accomplished in this
program and the conclusions regarding potential application of Betasonde I1.

2. ATMOSPIIERIC DENSITY MEASUREMENT METHOD AND RESULTS

In this scction the basic concept of measuring atmospheric density T
by use of beta-ray forward scattering is summarized, and the accuracy
that can be expected in any sincle measurement is presented based, c¢ssen-
tially, on the statistics of the counting process. In any actual flight of ;]

the =onde, there would be a long series of such measurcments, Thus, re-
sults arc next presented for a method that usces all of the measurements

to find the best fit, in a least squares sense, to the usual cxponential de-
pendence of density on altitude. All of the results in this section have
been given previously in more detail (Ref. 1.1, Sections 3 and 4).

2.1 Description of Method

The measurement of atmospheric density by beta-ray forward
scattering relies upon the fact that, at low densities, the number of par-
ticles scattered by a gas surrounding a beta source is proportional to
the density. The source and detector must be arranged in a geometry
such that the particles can only be detected if they scatter from the gas,
as in the forward scattering configuration shown in Figures 1,1 and 2. 1.
The single-scattering count rate C (Fy) eps of the detector for the source
s and detector energy threshold Ey (the encergy above which all clectrons
arc counted) is found by integrating over all scattering angles 0 into solid

C (F,) pinN /M)ffs (15 )B (FD T (FL 0)dEs (2. 1)
= { 3] e { S

anples d§2:

1 F
t
3 a
Here atimospheric density, g/em’ .
N Avopadro's number, 6,02 3x1 0Z " molecules/oomaole)
1\?0 molecular weight of atmosphere. g-mole

n number of atmospheric atoms/molecule
der o fF A8 emé/atom




F(E) = (L-p%)/p?

() - (7,31'0‘3/4) Sin-1g/2 cm?/(sr-atom)

B - v/c = ratio of beta particle velocity to that of light

Z. ~ atomic number of atmosphere X

“ classical clectron radius, 2.82x10" Hem

(1) = total emission rate of source for particles of energy

To

S

5
greater than Fi, pB/sec

B (E) = spectrum for beta source of type s, normalized to unity
from Ey tow, f/keV

E. kinctic energy, keV

The cross soction do (E, 0) for scattering of an clectron of energy E (in the
enerpy range of interest here, $50 keV) through an angle 8 is given by Evans
(Ref, 2.1, As shown above, it is separable into two functions, the first de-
pending only on E, and the second only on 8. Thus, as shown, the count

rate is proportional to p, and

C(E) = K _(E)p cps (2.2)

st s

Clearly, K depends only on the source, detector and geometry charac-
feristics as given by the right hand side of Eq. (2.1). It can be determined
analytically for any particular beta source and geometry. This has been
done {Ref, 1.1, Section 4) with the result that for thosc sources presently
available, Pm-147 is the best choice. It has a suitably long half life,

2.5 years, and a maximum energy of 225 keV-which is sufficiently high
that about half of the emitted beta particles have enerey in excess of the

50 keVothreshold I']l (Sce Ref, 2.2 for beta spectra). Thus, for the

Scattering
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Figure 2.1 Beta-ray Scattering Configaration




present system, we believe that Pm-147 is optimum, It will provide a
means of cstablishing the utility of the betasonde for the upper portion

of the middle atmosphere. Results obtained by {light of a relatively Tow
intensity Pm-147 source on the Low Background Betasonde (LBB) cun

be used to estimate the accuracy that would be obtained with higher in-
tensity sources. Before doing this, it is necessary to discuss the experi-
mental calibration procedure by which Ks can be determined for a particular
sonde and source.

A difference between the present sonde and the 1.LBB is that a signif-
icant wall effect is present during calibration in the Panametrics chamber
{about 2'x3").  This was not experienced by the LBB duce. we belivove, to
the extremely collimated geometry of the gelper counters themselves,
Thus. going to the semiconductor letectors causes a significant increasc
in ov evall efficiency, but also produces a wall ¢ffect in the small chamber.
This does not affect the determination of the constant K, since it is the
slope of the count rate versus density curve. It does nican, however, that
moorder to obtain an actual calibration curve at densities less than that
cquivalent to about 70 kmy it will be necessary to use a much larpger cham-
ber.  Such chambers arc available at NASA Langley Rescarch Center thoth
200 and ©0 diamceter spheres) and have been ured previousiy (Ref, 1, 3) for
betasonde calibration work,

Oncee it 15 established that a calibration mcasurement Ky in a small
chamber Leads to the same result as that obtained in a large chamber - in
which the wall effect is much reduced - it is not then necessary to recalib-
rate in the large chamber unless the source-detector geometry is changed
in some significant way. Rather, a value of Kg can be carefully measured
in the small chamber in the 2 £00 km region, where the wall effect is only
a fraction of total count rate,even in the small chamber, and the calibration
curve for hicher altitudes can be obtained by extrapolation.  This iIs possible
becuuse single-scattering is by far the dominant cffect for 2 240 kim, hence
the calibration curve is extremely lincar and the count rate versus density
i~ viven rigorously by Eq. (2, 2).

Thus, the calibration results in the small chamboer can Le ased to
estinuate the accuracy obtainable at high altitudes and with a4 more intense

SO ee,

Ihe source strength of the same annular Pimm-147 bheta source proe-
viou: ly flown on the Low Background Betasonde (LBIV) was measured
on NMay 12, 1977 to be

(8]
S Y 2,70 x 10 P/ sec TSmO N
=

({1 =0 o)




for Et = 50 keV. The slope of the count rate versus density, Eq. (2, 2), was
measured in the geometry of Fig. 1.1 to obtain the calibration constant

(
K (F,) = 0.93 x 107 cpsflafem3) (2. 4)

(test source)

for the source intensity (2, 3). The efficiency of Betasonde 1l was found
to be somewhat better than that of the LBB, but for purposes of illustration,
we use the LBB calibration results,

i Now, the fractional statistical uncertainty for any count rate C‘; measurcd
ki for a time t{sec) is given by (Ref. 1. 2) )
|
Aplp = 1/Ct (2.5)
By usc of (2.2), this is
Ap/{) = l//\/l-(b(Et)pf (2. ())
f

This shows explicitly that the statistical uncertainty is a function of the
threshold Ey through the calibration constant K (Eg). Of course, K
proportional to the source strength Sg(Ey) through (2.1), We believe that a
source of intensity about 5 times higher than (2. 3) should be obtained to use
as the tivst flight source,

15 also

0 .
S (E)=1.38x lOl B/scc = 373 mCi, (2.7)
s t .
(flight source)

for which

9 3 !
KS(E ) 7= 4,65 %107 eps/ig/cm ). (2. 8) ﬂ

({light source)




Now, by use¢ of the standard atmosphere densitics (Ref, 2. 3), Eqs. (2. 2),
(2.8) and (2.6), the following results arc obtained:

Table 2,1

Estimated Fractional Statistical Uncertainty for Betasonde II
and First Flight Source (Ssz 373 mCi)

7 ) c, Aplp

km g/cm3 cps t =20 sec t =5 scc t =1 scc
60 3.1x10°7 1441 .006 .012 026
70 8.8x10-8 1409.2 .011 .022 .049
80 2.0x10-8 93.0 .023 046 .104
a0 3.2x10°9 14,9 .058 116 .259
100 5.0x10-10 2.3 147 L2905 659

The uncertainties listed in this table are, of course, the minimum that will
occur for the indicated count rates. The actual total crror will be sliphtly
larger duc to some (as yet undetermined) cosmic ray effect. This is ox-
pected to be extremely small, however; much less than in the LBD (I of,

1.2).

A typical rocket payload spends about 20 scconds within a 1 km
region near apogece.  As noted above, this allows a very accurate mea-
surement of the density in that particular region, But as the payload
descends, it initially gains speed until it is slowed by cntry or, if the
pavload is to be recovered as for an Arcas, by a parachute., There is,
then, a region in which the speed is high between apogee and entry.,

In this region the individual measurements, if assigned to altitude in-
crements similar to those at higher and lower altitudes, are less accurate.
Thus, a procedure has been developed that utilizes all of these measure-
ments, with their associated accuracies, to define a density profile.

This profile is, cffectively, "tied' at high and low altitudes to some very
accurate measurcements, with the mid-altitude portion required to fit

the less accurate data in that region and to fit smoothly with the profile

for the other regions,

In the following sub-section, this procedurce is summarized, and
it is applied to results for a LBB flight to demonstrate its applicability,

8




2.2 Optimum Analytical Fit to Altitude-Density Profile

2. 2.1 General Objective

As is well known, density 0(2) is approximately an exponentiadiy
decreasing tunction ot altitude zw

-7/t
plr) = pge “/ (2. 9)

where Hiis the scale height and pg the value of p at z 0. In fact, such an
approximation is often made use of (Rel, 2,4, p 07} to provide analytical
representations of models, for use in applications where such an approach
1s more convenient than is & long tabulation, for exinnple where a o oImpu -
tation 1s to be made that requires a continuous representation versas alti-
twle, The result is venerally provided in the Torm of the coefficients in i
power serics expansion for fmp(z).  We believe that a similar approach
could also be usclul for representing the data from a single determination
ol & p(2) profile, in particular, from a rocket launch sach as thiat ot Deta-
sonde 11, the instrument developed under the present contract for air
density measurement up to at least 80 ki by beta ray torward scattoring,

Fhie Low-Background Betasonde (L) is an carlicr version Arcas
borne instrument designed, principally, Jor measurcment ol p(z) between
about Jhoand o k. The direct output ot the data redaction procedure is
o tabalation of individual densities Pi(z) and associated statistical uncer-
Lidinties, ,Al)i(z), versus g,
normally not possible simply to interpolate directly between value:s in the

When making use of datac of this type it s

tabulation, The reason is that the points, when plotted, will pencrally
show an amount of scatter consistent with the uncertiintics,  Thus, in
order to use such data it is necessary Lo draw o best=010 curve of some
type on the plot (usually simiply by cye). Values are then read ort the
curve and assumed to have an uncertainty consistent with that of the sta-
tistical Api(z), and any additional systematic errors, in that altitude re-
gion. Clearly, then, determination of an optimum analyvtical fit 1or & tab-
ulation would serve two purposes. It would provide a "formal’ method ot
titting the data, and the resulting analytical (it would provide a convenicernt
representation for computational purposces,

We will use the results of a launch of the LBR ot White Sands M-
sile Range at (7:00:00 UT on April 23, 1970 (Rel. 1.2) to show the type
analyvtical fit that can be obtained,  First the vencral matheniatical -
proachis presented, and this is followed by the densite tabulation a0 the

apphivation of the approach to the abulation to determine the Gptin,




2. 2.2 Mathematical Approach

The deviation of (2. 9) from an exact exponential can be taken into
account by allowing the scale height H to be a tunction of altitude,  Over
the altitude region up to about 100 km, H is not strongly dependient on oz
and should be representable as a simple tunction (this is essentiallv whit
is done in the standard approach to model fitting), Dy doing this the re-
sult H(z) is a physically meaningful paramceter, althioueh for a siven anal-
viical Lit the dependence on 2z can be expected to agree with rhodel reocidts
VooV e d

particular altitude region it is then convenien!, and appropriate, too

1y

in only an approximate manncer, For purposcs ot determining oot

he

L= 7 //— Va
p P o (e o () .10
(9]

where 7 is the (specified) minimum altitude of interest. D 15 the value
of o at 2z, and TH{z) is an "average' value of TH{z), as determined by the
fitting procedure. Thus, once p and [T(x) arc found from the procedure,
the analytical vesult(2, 10)represents the entire array of measured density
profile data, which are in the form p; and statistical uncertainty A, for all
N altitudes z;. The procedure is used to minimize tho sum of the mean
squared {ractional deviations Dy of all p values, cateunlatod from (2, 10) (rom
the measured results py:

- -0)/p =t -p. (2,110
Do (p=p)/e = b -py/p

in order to determine how well the (it has bheen made, unce the pro-
cedure is complete, itis useful to compare two quantitics,  The firseis
the rims uncertainty Ay oof the N values of fractonsl ance rtainty Ay in the
iy iduna ] o measurement,

PR
A S yoATN (2.1
i . 1
il
whe e g\j A{)! ;_)i th. s

md A p; s the statistical unecrtainty (Refo 102, pols) The vecond quantity
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which 1s the rias deviation of the p(zj) vidues, cadecntod by use o 220100, !
trom the measared values P It all mcasurements wore made ot only cne '
vadue of p, then it would be expected that A,FAL hisds because, Hor g
ziven actual p, the random variations in the measured prpotor the Betasonde
are due to the statistical nature of the nuclear decay process that Yeads 1
beta enussion, The values of p. are distributed in o Peisson-like manner,
torc which the fractional standard deviation of the mean of o serics of N '
readings would be given by (2.12). The Pearson Behi-cogqunred! 1est e
readily be applied in such circuwnstances to determine how well the ea-
surements fit the distribution asswumed. Here, however, we are dealing '
with the comparison of a best analylical fit (rather than the mneian o, o serics : !
of measurements) to the individual measurcements, cach of which is cxpected f
to be slightly ditferent because 2 is changing,  Additionally, some atinos- 3
pheric variability wall exist that cannot be fitted by o simple function such “fj
as(210)without an unrealistically larpe amount of viaeiadtion in H{z), and ,:
this will in itselt cause AL to exceed Ay, Clearly, s this case we expect .’;
Aoy, and we can conclude that the it §s satistactory it the ditferencee 1y %
acceptably simall, .
|
Thus, the procedure here is to tind tne simplest possible reprosen- ‘i
tation of IM'I(z) that will produce a vadue of Ao that s soeceptaniy close to N i
A Ntin which A=A, would not represent o trae best s this condd e ol
aned by using o sufticrently cormpliceted function for Hy and would cor- H
respond 1o following the random deviations in the inec vuremeats, rather
than the troe average variation of p(z).  The question of cxactiv now closeiy i
A must approach A for the analytical it to represent the cxperinental
tabulation acceptably is not considered further here, Rather, we showed .
MRef, 1,2) that fits can be obtained in which the difference is small anel ;
reduces in the manner expected as the number of A, increases.
Ilor the fit used here, a set of coefficients A was determined in
whreh we represent () in an inverse power serich, sothat
fa(l/p ) A {2.15) ?
]
= &% -1
(v-2 )/l X Ajte -y FINTS
i
.
Il




e

and 'in is the number of coefficients A, chosen to be used. Clearly,

onee :l’ll Aj are known, both p and H(Z’) can be found from (2. 15) and )
. O ’ !

(2. 16):

-A
7 7
p, (2.17)
J
B m -
H(z) = 1 .ZAi(x - 7)) (2. 18)
A -
Henee, a fit must be made to determine the A, for use in (2.17) and ‘
(2. 1.7}, which then defines p(2) from (2. 10). ! 8
-~ . I'i
20203 Flight Data and Density Tabulation f
Details of the Low Background Betasonde (LB {1ight on April 25, .

Prio, ave contained in Ref. 1.2 and presented here only to the ontont
Decessary fer application of the above procedure.

The Arcas was Taunchad to an apogee adtitude vwear of an, with the
porachute borne LB being cjected just botore apogec, Phe parachate L
Brtle offect above 50 ki, The descent velocity changes from about (0 cns
sec o 02 kimpgsee between 60 and 30 kin. However, the sonoae dovs s poend
AeLrly 20 seconds within U ks of apogee, thus providing mach date an this
revion before beginning its rapid descent, This s o important toct,
because it allows the density profile to be Vticd down' ot hich altitude,
Clearly, as the sonde descent rate slows, 10 obtains progressived, more
data in cach altitude region, Hence, the entire density profile for the Jow
altitude region is very accurately defined, Vhe procedure deseribhod Gione
1= designed such that it provides a single anadyticad i that antomacally

taces all of these lactors into account,

The Betasonde pulses, cach of which {except for oo ray b -

cround) corresponds to detection of an cor s scnttorod boets partis el

telemetered and recorded onmagnetic tape g veai=-tirnc, The ve e i

e then sunmed into approxinately coguai U inters oy Yy desernton

apeon telemetry notse and thne ased sor tronse i tine terape raiare o s

arnostic purponesc In Pable 200 these sy are baiedlod o7 s e oh

altitude zgkm) beer the time itersal TN (S OSY Phe ¢oarve the b e b

Aot oo whie b the density mcasaroment «C e e ltinnde va dete o e \

J




Table 2.2 Low Background Betasonde Count Data for April 23, 1970 Flicht

35.7 5.0 2890,
ZC(KM) TM(SECS) CTS 35¢5 S.0 3102.
. 64.0 5.5 80. 35. 4 5.0 3098.
: 64+ 3 5.2 89. 35.2 5.0 3166.
t 642 Se4 85, 35.1 5.0 3344.
6305 5-2 830 3409 400 ?655.
2.9 Sel 102. 34.5 Sel 3547.
62.1 5.1 929. 3444 S.0 3628 .
61.0 5.2 130. 3443 5.0 3530.
60.0 5.2 133. 34.1 5.0 3444,
59.1 5.1 156. 34.0 5.0 3666,
57.9 5.1 155. 33.9 S.0 3809.
55.9 5.1 219. 3347 S50 ageg.
S54.9 5.1 240. 33.6 5.0 a0 3y .
53.9 Sel 259. 33.5 4.0 328 3.
53.0 5S¢ 279. 33.1 5.0 4097,
52.0 S0 355. 33.0 Sl 4227,
S51.2 Se2 376. 32.9 S50 4399,
50-5 500 376. X 32.8 D-O 4363.
50.0 441 311 32.6 5.0 45430 .
G495 4.0 361. 32 4 5.0 4735.
48 .6 S.0 543. 32.2 5.0 4755.
43 .1 5.0 S02. 32.1 5-0 4395.
1(7-7 5.’ 565- 3;3.0 400 39440
472 4.0 467. 31.6 S.0 5055.
46053 4.0 485. 31.5 5.0 5353.
46.4 41 495, 31.3 Sel 5316.
45.8 2.0 307. 31.2 5.0 5271
45.3 4.0 650. 31.0 S.0 5406
45.0 4.0 626 30.8% 5.0 5701 .
A4e2 4.0 683. 30.7 5.0 57017.
43.9 4.0 748. 30.5 S0 5901.
43.4 5.0 1047. 30.4 4.0 4735,
“3el Sel 989 . 30.0 5.0 6338.
42.8 5.0 1093. 29.9 5.0 6418 .
4245 5.0 1124. 29.17 5.0 6332
4262 Sel 1197. 29.6 5.0 6350,
41 .9 4.0 942 295 5.0 6A62.
41 .7 4.0 1024, 29.3 5.0 6T6 4.
41 el S.0 1408. 291 5.0 6708 .
408 5.0 1443. 29.0 5.0 6157
4745 5.0 1510. 28 9 4al) 5757.
40 .2 S.l 1538. 286 2.0 6825,
)60 5.0 1610. 28.5 S5e1 7383 by
39.7 5.0 1652, 23.3 5.0 T33%.
375 5.0 1742, 28.2 5.0 TAS 4. 4
39.3 5.0 1803. 23 .1 S0 7724,
39.0 4.0 1507, T ey YSel) TThdae
385 44} 1574. 2767 Sl 1901 .
38«3 5.0 2007. 276 Hel) T4,
REES! 5.0 2086. Tea 440 GCH N0,
37.9 5.0 2228. 2742 ) Baca. ,
37.6 5.0 2241 . S led 440 Eal . 19
3744 S.0 2335. DT7.0 el 2401 . ‘
372 5.0 2385, 269 SeU g2349.
37.0 5.0 2400. 267 Sel) 8719. 4
36.8 5.0 2545, Stk 5.0 B6T5. }
36.2 5.0 2808. 6.4 5.1 3509,
J6.1 5.0 2964. L6 5¢0 BIla.
3.9 5.0 2975. P6e? 5.0 8892.




Itis seen that the counts generally increase as altitude decreases,
because the number of beta particles scattered increases as the density
increases in this density region,  Inaddition to the densivy 3tself, there
are several other factors that must be taken into acoount in determining

density from this count rate {(sce Ref, 1,2 for details of procedure):

B circuit dead-time, causcd by dead time in geiver counters after
counting a pulsc (R25usce) and a dead-time circuit introduced
purposcly to keep the count rate into toe tefeetry transmitter
from exceeding its capabilities,

Z) cosnuce ray etfect, a osmall, but noea-neclicible aititude-depen-

dent etffoct,
and 3) time clapsced between calibration and tlight,

Fach of these tactors has veen taken inte account a8 necessary in obtaan-
ing the calibration data of Table 20 3and the ihight densny tabualation in
Table 2,4, In the Latter table the coant data trom Table 2, 2 are ropeated

as the first three cotumns, with the ohscerved counts (OBSCTS) in the third.

)
This leads to an observed count rate (not shown) which iy corrcectoed tor
dead e, by wse of the cireait dead e of 185 usee, to obtain the correc-
ted count rate (CORCTR)Y, The cosmic ray count rate (COSCTR) is then

subtracted to obtain the density-dependent count rate (DENCTR).

The last of the factors that must he taken imto account is impor-
tant because of decay in intensity of the radioactive source, in this
casc Pm-147 whose mean lifc is 1378 days. Essoatially, a calibration
curve that would be correct on the day of the flight is derived from that
recorded earlier. In the present instance, the time lapse was only 146
ddays, and the calibration data are shown in Table 2. 3. There are 22
points at which the density p(g/m7) and the count rate, corrccted tur
the dead time factor, was as shown in CIS/SEC. At low values ol p,
the count rate increascs approximately tinearly, but as p mereases
the count rate incrgasces less rapidly. At 27 kmop <40 2/ and s
30 ki p = 20 g/m”, Data below about 50 kov wero not anctyeed in
Ref, o2 because of the aon-lincar natarve of the calthrad fon curve in
that revion, Here, however, all of the data in Table 200 are analyeedd,
This was done by making, for cach flight count rate, .o quadratic fi
to three appropriate calibration count rate points in I'ahbe 2000 The
measured DIENSITY values of Table 2,4 wore tuns deterined fronn b
density-dependent count rate DENCTER, and the analvtical £ o the dene gy -
count rate results in Table 20 3

The absolute uncertainty, UNC (¢/ts ) is obtave o from the Joensiny,
the counts, and the calibration data. The iractional vmcertainty & dw
. . Nt pere i
given by the ratio UNC/DERENSITY.
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Table 2.3 Low Background Betasonde Density Calib-
ration Data Rccorded April 7, 1970,

PT RHOCG/M*#%3) CTS/SEC

01 00 0000.
o2 02 017a.
03 04 0352.
04 06 0524,
0S 08 0700.
06 10 08174.
07 12 1045.
08 14 1220.
09 16 1400.
10 18 1575.
11 20 1750.
12 22 1900.
13 24 2020.
14 26 2130.
15 28 2245.
16 30 2345.
17 32 2440.
18 34 2530.
| 19 36 2620.
? 20 38 2705.
| 21 a0 2790.
22 42 2880.
Table 2.4 Low Background Betasonde Measured Density

Tabulation for April 23, 1976 i 'light

MEAN-LIFE,DAYS=1378.
TIME FROM CAL,DAYS=al6.
Clke DEAD TIME,SEC=.000185

UNITS:ALT=KMITIME-INT=SEC3ALL CTR=CPS3}DEN,UNC=G/M**3

ALT TIME-INT OBSCTS COKCTK COSCTR DENCTR DENSITY UNC FRAC-UNC

64.0 5.5 80. 14.58 0.30 14.45 0.168 0.019 0.112

64.3 5.2 89. 17.17 030 17.07 0.198 0.021 0.106

64,2 S.4 85. 15.79 0.30 15.67 0.182 0.020 0.108

63.5 5.2 83. 16.01 0.30 15.89 0.185 0.020 O0.110

62.9 5e1 102. 20.07 0.30 20.01 0.232 0.023 0.099

62.1 Sel 99. 19.43 0.30 19. 41 0.225 0.023 0.100

61.0 52 130. 25.12 0.30 25.11 U.291 0.026 0.088

60.0 5.2 133, 25.70 0.30 25470 0.298 0.026 0.087

59.1 5.l 156 30.76 0. 30 30.82 0.357 0.029 0.080

5709 5-' 1550 30-56 0030 30062 0-355 00028 0.080 !

$5.9 Sel 219. 43.29 0.30 43449 0.504 0.034 0.067 1

54.9 5.1 240. 47.47 Q.30 47.72 0.553 0.036 0.064 i

53.9 Sel 259. 51.27 0.30 51.56 0.597 0.037 0.062 :

53.0 5.1 279. 55.27 0.30 5L .61 D644 0.0348 Q.060 1

5240 5.0 355. 71.94 0.30 72« 48 0+839 0.044 0.053

51.2 5.2 376. 73.79 0.30 13.34 0.6954 0.044 0.05) :

50.5 5.0 376. 76.2¢  0.30 76eR5 0.889 0.04¢ 0.051 i
1F ’




Table 2,44 (Cont.y

ALT TIME-INT OQBSCTS COKCTK COSCTR DENCTR DFNSITY UNC FKAC-UNC

50.0 4.1} 311. 76493 0.30 77.53 0.897 0.051 0.056
49.5 4.0 361. 91.78 0.31 92.54 1.069 0.056 0.052
4846 5.0 543. 110.83 0.32 111.80 1290 0.055 0.043
48 .1 5.0 S02. 102.30 0.32 103.17 1191 0.053 0.044
a47.7 Sl 565. 113.10 0.33 114.09 1.316 0.055 0.042
4742 4.0 467, 119.33 0.33 120.38 1 .388 0.064 0.0C 46
468 4.0 485. 124.03 0.34 125.14 1.443 0.065 0.045
46. 4 4.1 495, 123.49 0.34 124,58 1437 0.064 0.045
45.8 2.0 307. 157.99 0.35 159.48 1835 0.104 0.056
45.3 4.0 650. 167.54 0.36 169.13 1945 0.075 0.039
45.0 4.0 626, 16117 0436 162,68 1.871) 0.074 0.040
44,2 4.0 683, 176.32 0437 178.00 2.044 0.075 0.037
43.9 4.0 748. 193.70 0.37 195.58 24239 0.079 0.035
43,4 5.0 1047. 21784 0438 220.00 2.510 0.076 0.030 17
43.1 S.t 989. 201.14 0.38 203.10 2.322 0.072 0.031
2.8 5.0 1093. 227.81 0.39 230.08 2622 0.078 0.030
42.5 S.0 1124. 234.55 0.39 236.90 2699 0.079 0.029 '
4242 Sel 1197. 245.36 0.40 247.82 2.821 0.080 0.028 .
41 .9 4.0 942, 246.23 0.40 248. 70 2.83] 0.091 0.032 ’
41 .7 4.0 102a4. 268.73 0.40 271 .46 3.086 0.095 0.0231
4} .1 5.0 1408. 297.08 0.4l 300.13 3.410 0.091 0.027
40.5 5.0 1443, 304.88 0.4l 308.02 36499 0.092 0.026
40.5 5.0 1510, 319.87 0.+42 323.19 3.671 0.095 0.026
40.2 S.1 1538. 319.39 0.42 322. 69 3e6€6 0.094 0.026
40.0 5.0 1610. 342.40 0.42 345.97 3.931 0.098 0.025
397 5.0 1652. 351.91 0.43 355.59 4042 0.103 0.025
39.5 5.0 1742, 372.40 0.43 376.32 4.285 0.106 0.025
39.3 $.0 1803. 386383 0443 390. 45 4e45] 0.108 0.02a
39.0 4.0 1507. 404.98 0.43 409.27 4.671 0.123 0.02¢
38.5 4.1 1574, 41 325 Qs 44 491763 4 768 0.123 0.026
38.3 5.0 2007. 433.60 04,44 438.21 5.008 O0.114 0.023
38.1 5.0 2086. 452.09 0.45 456.92 5225 0.116 0.022
37.9 5.0 2228. 48563 0445 490.85 5.618 0.120 0.021
37.6 5.0 224} . 488 .72 045 493.97 5¢654 0.120 0.02%
37.4 S.0 2335. 51116 0445 51667 S5«916 0.123 0.021 .
37.2 5.0 2385. 523.17 0.46 528 .81 6.054 0.122 0.020
37.0 5.0 2400. 526.78 0.46 532. 47 6.096 0.123 0.020
36.8 5.0 2545. S61.91 0.46 568.01 6498 0.128 0.02
6.2 5.0 2808. 626.71 O0e47 633.56 7242 0.136 0.019
3661 5.0 2964, 665.82 0447 673.12 7.693 04141 0.018
35.9 5.0 2917S. 66B.60 0447 675.93 7.725 0.1 41 0.018
35.7 5.0 2890. 647.21 0.48 654.28 7.478 04139 0.019
35.5 S.0 3102, 700.84 O.48 708+54 B.097 O«149H U.018
35.4 5.0 3098. 699.82 O.48 707,51 B.0H6 0+145 0.018
35.2 5.0 J166. 717.22 0.48 725411 B.286 0.147 0.018
35.1 5.0 3344. 76323 0.48 77166 BeB19 0153 0.017
34.9 4.0 2655, 156466 0.49 765.01 $+743 0.170 0.019
34.5 5.1 3547. 79819 0449 807.02 226 04156 0.017
34. 4 S.0 3628 . 838.10 0.49 B847.39 F692 04163 0.017
J4.3 5.0 3530. B12.06 0.49 R21.05 V388 0.159 0.017
34,1 S.0 3444, 7189.39 0.50 798.11 9123 0.15%6 0.017

In '




Table 2, 4 (Cont.)

ALT TIME-INT OBSCTS COKCTK COSCTK DENCTK DENSITY UNC FRAC-UNC

34.0 5.0 3666, B848.26 Q.50 857.66 9.811 O.164 0.017
33.9 5.0 3809. 886.78 0.50 B96.63 10.267 0Q.171 0.017
33.7 5.0 3829. 892.20 0.50 9N2.11 10.332 0.172 0.017
336 S.0 4038 . 949.45 0.50 960.04 11.012 0.177 0.016
355 4,0 328 3. 967.¢68 (.50 978.47 11.227 0.199 0.018
33.) 5.0 4097. 965.81 0.51 976.57 11.205 0.178 0.016
33.0 Se.1 42217. 97592 Ue5I1 989.84 11360 0.177 0.016
32.9 5.0 4359. 1039.44 0.5 1051.07 12.070 0.184 0.015
32.8 5.0 4363. 1040.58 0.5] 1052.22 12.084 0O.184 0.015
32.6 5.0 4580. 1102.90 0.51 1115.26 [12.8103 0.189 0.015
3Pe 4 5.0 4735, 1148.15 0.52 1161.04 13.332 0.192 0.014
32.2 5.0 4755, 1154.04 0.52 1166.99 13.400 0.192 0.014
2.1 5.0 4395. 1195.53 0.52 1203.96 13.8376 0.195 0.014
32.0 4.0 3944. 1205.98 0.52 1219.54 13.995 0.219 0.016
316 5.0 5055. 1243460 0053 1257.59 14.413 0.195 0.014
31.5 5.0 5353. 1335.01 0.53 1350.07 15439 0.206 0.013
31.3 S.t 531 6. 129138 0.53 1305.92 14.947 0.199 0.013
31.2 5.0 5271. 1309.61 053 1324.37 15153 0.203 0.013
31.0 5.0 5406. 135154 053 1366.78 15627 0.208 0.013
30.8 5.0 5701. 1445.00 0.54 1461.34 16701 0.221 0.013
30.7 5.0 5707. 1446.93 054 1463.29 16.723 0.221 0.013
30.5 5.0 $901. 1509.86 054 1526.95 17.451 0.227 0.013
30.4 4.0 4735 151567 054 1532.83 17.518 0.255 0.015
30.0 5.0 6338. 165592 Q595 1674.71 19.096 0.243 0.013
29.9 5.0 6418. 168333 055 1702.44 19.421 0.253 0.013
29.7 S.0 6332. 1653.88 0.55 1672.64 19.072 0.243 0.013
29.6 5.0 6350. 1660.02 055 1678.85 19144 0.245 0.013
29.5 5.0 6462. 1698.50 0.55 1717.78 19.605 0.258 0.013
29.3 5.0 6764. 1804.38 0.55 1824.89 20.929 0.296 0.014
29.1 5.0 6708. 1784.51 0.56 1804.79 20.666 0.283 0.014
29.0 5.0 6757, 1801.89 0.56 1822.37 20.896 0.294 0D.014
289 4.0 5757. 196153 0.56 1983.87 23.378 0.444 0.019
28.6 5.0 6895. 1851.29 0.56 1872.34 21.589 0.327 0.015
2895 5.1 738 3. 197716 0.56 1999.68 23.648 0.400 0.017
28.3 5.0 7335« 2013.44 0.57 2036.38 24.303 0.439 0.018
28.2 5.0 7454. 2058.54 0.57 2082.01 25.138 0.437 0.017
281 5.0 T1724. 216294 0.57 2187.63 26.962 0.433 0.01¢
27.9 5.0 7764. 2178B.66 0.57 2203.53 27242 04445 0.016
CTe7 5.0 7901. 2232.98 0.57 2258.48 23.263 0.492 0.018
27.6 5.0 7778 218417 057 2209.10 27341 Oe449 0.016
Y| 4.0 6502. 2324.53 0.58 2351.09 30.125 04599 0.020
272 5.0 BA24. 244773 0.58 2475.73 32.794 0.599 0.018
2761 4.0 6541, 2344.52 0.583 2371.31 30542 0.609 0.020
27.0 5.0 8401. 2438.03 0.58 2465.91 32.576 0.598 0.018
26.9 5.0 8239. 2370.40 0.58 2397.49 31.091 0.558 0.018
267 5.0 B719. 2574.27 0.59 2603.74 3%5.629 0.632 0.018
26e6 5.0 8675, 2555.13 0.59 2584, 38 35.194 0.¢20 0.018
265 S.1 8509, 2413.33 0.59 2440.92 32.020 0.538 0.018 }
26.3 5.0 8914. 2660.17 0.59 2690.64 37.662 0.671 0.018
26.2 5.0 8892. 2650.39 0.59 2680.74 37.429 0.669 0.018

—
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The array of 118 altitudes z. measurcd densities p, and frac-
tional statistical uncertainties A, given in Table 2.4 are the input data
. i . . .
for the least square mathematical procedure described in Section 2, 2, 2,

2. 2.4 Results of Analytical Fit for April 23, 1976 Low Background
Betasonde Flight

By use of the data in Table 2.4 for z_, p. and A, the least square
procedure was applied for j =2-5to obthin the valuces for the coeffi-
cients A.. For each set of sz)lutions, the results for rms sum of the
wcighted) deviations between the analytical fit and experimental points &
was determined. This is the quantity that was minimized to produce the
solution obtained. Ac, the rms unweightoed deviation sum, was also cal-
culated from (2. 14); both A and Ac are to be compared to Am, the rms
fractional uncertainty, from (2.12). Results for all of these parameters,
along, with po from (2.17), are given in Table 2,5,

The rms fractional uncertainty, Am, is independent of i and has
. . . - LT,
the value 0. 039, As noted above, a satisfactory fit is one in which the
difference between Ac and &Am is acceptably small,

Model fitting often requires use of 10 to 14 cocfficients in a similar
procedure to obtain what is considered to be an adequate fit,  lIlere, we
found that for the particular experimental data used, 4 or 5 are suffi-
cient to provide a fit whose accuracy is consistent with the accuracy of
the data. Thus, as seen from the table, & decreases rapidly as j
goes from 2 to 3, but with j_ as large as 5, the accuracy of the [t s
marginally better. Ac appel(};rs to go through a minimum at j =4, As
observed above, a {it derived by minimizing A, the rms sumngf the de-
viations weighted inversely with the uncertaintics, is taken here as the
proper procedurec to follow, This causcs those points with most accuracy
to produce the most effect on the fit. However, such a fit should not be
allcwed to produce a large value of Ac¢, the rins sum of the unweight ed
deviations, In view of the fact that there is undoubtedly some short-term
atmospheric variability in density, it is unlikely that a fit in which Ac
approaches Am much more closely than in the present case would be
expected. Thus, in the present instance at least, a criterion for sclect-
ing the most satisfactory of the {its obtained by minimizing &, is that
particular one for which Ac is a minimum; j =4 here. Whether such
a dependence on j will always occur is not presently known., When the
results of additional flights arc available, futher investigation of the
method of selecting the optimum fit should be made.

e
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|
The quantity [I(z) given by (2. 18) is actually to.be used in (2.10) to pro-

vide the optimum analytical fit to the data. However, for purposcs of com- .
parison with models it is useful to have the value of Hiz). This can be de- i
termined as follows.  Note from (2, 9)that ‘ ]
, dply ;
H(z) = -1 /(=25 (2.19) :
dz |

But, fruom (2.10) for the fit used here this yives

_ d 2o Ay
H{z) = 1/'1—' Y (2,20) .
F T ;
] Use of (2,18) then yields 3
i o
m :
2

(2.21) ¢

I(z) = 1f 3] AL - Diz-z,)”
i2

Consequently, once the A, have been determined it is possible to calculate
the value of H(z) as well as H(z).

For the fit with l, = 4 results are given in Table 2, 6 and Figures
2.2 and 2. 3. The first three columuas of the table give Zi pqiand Agy (ALT,
DENSITY and UNC in Table 2.4). The next three give plz), H(z), and 1{{z)
as calculated from (2.10), (2.18), and (2.21), respectively.  The next column
gives the fractional difference between measured p; and calculated p(z). ﬁ
The final colummn, labeled RMS FRAC, is a running rms average of the
fractional difference for that altitude with that of the four previous (higher
altitude points). llence, it is assigned the value zero for the four hichest
altitude points.

Examination of the variation of RMS FRAC with altitude shows those
repions in which the best {it is obtained. At the highest altitudes the aver-
age difference for any single point is as hipgh as 7-¥%, due to the smuall
number of counts recorded there. As the sonde descends it goes through
a region where the average difference is on the order ot 29, There is,
how ever, a lower altitude region (below about 20 knu) in which beta par- ]
ticle energy loss dominates the effects of scattering, and the count rate
decreases as z decreases (Ref, 1.3). Thus, near 20 km there is little
variation of count rate with z, and the density uncertainty becomes very
large in spite of the large count rates. This region is being approached
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1
2
3
4
zZe
FH

RMS FRAC=RMS AVG OF PREV

SULTS OF FIT
A(d)
-@.35753E+01
0.17017E+08
~@e76T4TE-Q3
-@.18776E~05

= 26.2 KM

Table 2.6 Altitude Dependence Results of
Analytical Fit for [1.DB Flight on
April 23,

0= 35.787 G/M*x%x3

ALT RHO-MEAS

KM G/M%x%x 3
64.0 B.168
6443 g.198
642 9.182
63.5 0.185
62.9 P.232
62.1 g2.225
61.0 0.291
60.0 f.298
S9.1 0.357
S7.9 P.355
55.9 g.584
54.9 B2.553
53.9 0.597
53.0 B.644
52.0 2.839
51.2 g.854
50.5 2.889
S@.0 ¢.897
49.5 1.069
48.6 1.290
48,1 1.19])
477 1.316
47.2. {.388
46.8 1443
46.4 1.437
45.3 1.835
45.3 1.945
45.0 1.87%
44.2 2.044
43.9 2.239
43.4 2.510
43.1 2322

UNCER RHO-CALC HBAR(Z)

G/M*%x3
B.019
e8.021
0.0820
P.020
9.023
2.023
g.026
B.826
P.0829
0.028
0.034
#.036
8.837
2.038
P.044
BG.044
0.046
2.851
0.056
B.055
2.053
2.855
P.064
0.065
2.064
Q.104
B.075
0.074
2.975
e.279
0.076
6.872

I =

$ DIFF FRACS

G/M%xx%x 3 KM
G.190 7.221
2.184 7.236
f.186 7.231
2.201 7.198
B.214 7.170
6.233 7.133
P.262 7283
0.293 7.038
0.324 6.998
0.372 6947
R.471 6.862
B.532 6.821
@.601 6.781
g.672 6e 745
2.762 6.706
2.844 6.675
B.923 6.648
g.985 6.629
1.052 6.611
1185 6577
1.267 6+559
1.337 6.544
1.430 6.526
1.510 6.512
1594 64498
1.731 6476
1.855 6.459
1.935 6448
2.164 6421
2.257 6410
2.423 6.393
2.529 60383

21
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H(Z)
KM
9.606
9.661
9.642
9.516
9.412
9.276
9.0296
8.949
8.8@5
8.632
8.360
8.232
8.108
8.001
7.885
7796
7719
7.666
7.613
7.521
Te471
7431
7.383
T« 344
T.366
T.250
7.205
7.178
7.186
7.88¢0
T7.837
7.812

DIFF
FRAC
~8.117
0.273
-0-624
-3.877
2.086
~0.033
e.1089
2.017
o.100
~-@.046
0.070
0.048
-D.806
“PB.04])
2.1921
g.012
-G.037
-2.09¢
B.016
2.889
-0.860
-0.015
-8.029
-@.044
'gog99
0.060
0.048
'00033
-0.855
-2.008
2.836
'60082

EMS
FRAC
0.000
0.000
0.000
2.900
0.081
B.064
B.073
0.873
2.078
0.871
0.877
e.062
8.06!1
P.846
.061
P.052
P.052
B.866
g.063
B.060
B.065
0.063
2.051
0.654
0.657
@.857
2.061
0.061
@.063
2.0845
0.0640
0.04%

i




ALT RHO-MEAS

KM
42.8
42.5
42.2
41.9
41.7
41.1
490.8
40.5
40.2
40.0
39.7
39.5
39.3
39.0
38.5
38.3
38.1
37.9
37.6
37.4
37.2
37.02
36.8
36.2
36.1
35.9
35.7
35.5
35.4
35.2
35.1
34.9
34.5
34.4
34.3
34.1
34.0
33.9

33.7.

33.6
33.5
33.1
33.0
32.9
52.8
3246

G/M%xx3
2.622
2.699
2.82])
2.831
3.886
3.410
3.499
3.671
3.666
3.931
4.042
4.285
4.451
4.671
4.768
5.008
5.225
5.618
5.654
5.916
6.054
6.896
6.498
7.242
7.693
7.725
7.-478
8.097
8.086
8.286
8.819
8.743
9.226
9.692
9.388
9.123
9.811

190.267

16.332

11.012

11.227

11205

11.360

12.870

12.084

te.818@

Table 2.6

UNCER RHO~CALC HBAR(Z)

G/M*x%x3
3.878
0.879
0.080
2.091
@.095
d.091
0.892
0.095
2.094
0.008
2.103
G106
0.108
0.123
2.123
B.114
g.116
f.120
2.120
0.123
B.122
0.123
d.128
g.136
0.141
.14l
g.]39
2.145
@.145
P.147
.153
0.170
2.156
8.163
8.159
0.156
d.164
2.171
P.172
P.177
@.199
0.178
0.177
20.184
6.184
2.189

G/M%xx3
2.639
2.755
2.877
3.004
3.893
3.375
3.526
3.685
3.852
3.967
4.148
4.273
4.402
4.604
4.962
S.114
$5.271
5.433
S5S.685
5.861
6.043
6.230
6424
T.045
Te154
T+ 379
T7.611
7.851
7974
8.226
8.356
8.621
9.179
9.324
9.472
9.775
9.938

10.088

12.413

18.579

10.748

11.454
11.638

11.825
12.015

12.406

(cont'd}

KM
6.373
6.363
6353
6+343
6336
6316
6.387
6.297
6.287
6.28]
6.271}
6.264
6.258
6'2&8
6.233
6.226
6.220
6.214
6.2@4
6.198
6.192
6.186
6.180
6.161
6.158
6.152
6.146
6.140
6137
6.131
6.128
6.122
6.110
6107
6e1084
6.398
6.895
6.092
6.086
6.883
6.080
6.368
6.866
6.063
6.060
6.054

HZ)
KM

6.986
6.961
6.936
6.912
6.895
6.847
6.823
6.800
6.776
6761
6.738
6.722
6.707
6.684
6.647
6632
6.618
6.603
6.582
6567
6.553
6.539
6.525
6+483
6476
6.462
6.448
6.435
6428
6.414
6.408
6394
6.368
6.361
6.355
6.341
6.335
6.328
6.315
6.309
6.303
6.277
6.271
6.264
6.258
6.245

DIFF
FRAC
-8.007
~@.021
-0.819
-0.058
'GOGDQ
0.010
-0.008
-0.004
"U-GIJB
-0.009
-2.425
g.003
g.011
6.015
-2.0839
~C.021
-9.009
2.834
~2.006
g.029
.02
-2.022
P.012
2.028
B.0875
0.047
"00817
0.031
g.014
0.007
2.855
0.014
2.205
B.839
"60099
-60967
-3.012
g.018
-0.008
.04}
0.0845
-90022
-A.824
Q.021
.606
2.033

RMS
FRAC
.047
P.041
R.042
.047
0.029
B.229
0.028
0.0827
@.222
3.023
G.025
g.025
G.225
@.015
@.022
g.021
D.822
B.026
g.025
6.019
.017
2.019
g.012
0.817
¢.038
2.043
2.043
B.045
2.043
2.027
2.230
0.020
C.027
0.031
.03l
2.036
2.0835
2.836
2.032
e.036
2.029
2.030
8.0831
.32
g.826
.23
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ALT RHO-MEAS

KM
32.4
32.2
32.1
32.0
316
31.5
31.3
31.2
31.0
30.8
30.7
30.5
30.4
30.0
29.9
29.7
29.6
29.5
29.3
29.1
29.0
28.9
28.6
28.5
28.3
28.2
28.1
27.9
27«7
2746
27.4
27.2
27.1
27.0
26.9
2867
26.6
26.5"
263
26.2

G/M=% 3
13.332
13.400
13.876
13.995
14.413
15.439
14.947
15.153
15.627
16.701
16.723
17.451
17.518
19.096
19.421
19.0872
19.144
19.605
20.929
20.666
28.8%6
23.378
21.589
23.648
24.303
25.138
26.962
27.242
28.263
27.341
3e.125
32.794
30.542
32.576
31.091
35.629
35.194
32.820
37.662
37.429

TOT+ REMS FRAC.
TOT. RMS FRAC.

Table 2. 6

(cont'd)

UNCER RHO~CALC HBAR(Z)

G/M%%3
0.192
0.192
0.195
f.219
B.195
0.2086
8.199
2.203
9.208
B.221
0.221
0.227
@.255
P.243
0.253
2.243
P.245
B.258
P.296
?.283
0.294
Q.444
G.327
B.400
P.439
B.437
@.433
@.445
0.498
Q.449
P.599
2.599
0.609
0.598
P.558
0.632
0.620
0.588
0.671
@.669

G/Mxx3
12.810
13.228
13.443
13.661
14.572
14.810
15.297
15.548
16.061
16,593
16.866
17.426
17.713
18.914
19.227
19.870
20.200
20.536
21.226
21.941
22.307
22.681
23.840
24.241
25.063
25.485
25.914
26.797
27.711
28.180
29.144
306.143
30.655
31.178
31.709
32.801
33.361
33.932
35.105
35.707

KM
6.048
6.842
6.039
6.237
6.025
6.022
6.017
6.014
6.008
6.002
6.000
5.994
5991
5.980
5.977
5972
5.969
5.966
5.960
54955
5.952
5949
5.941
5.938
5933
5.930
5.927
5.922
5917
5.914
5.909
5.903
5.900
5.898
5.895
5.890
5.887
5.884
5.879
5.876

HCZ)
KM

6.233
6.221
6.214
6.208
6.184
6.178
6.165
6.159
6.147
6.135
6.129
6.117
6.112
6.088
6.082
6.071
6.865
6.059
6.047
6.036
6.830
6.025
6.008
6.002
5.991
5.985
5.980
5969
5.957
5952
5.941
5.930
5.925
5919
5.914
5983
5.898
5.892
5.882
5.876

RHOMEAS~RHOCALC DIFF= 0.84475

RHOMEAS.

UNCERTAINTY=

2.93909

DIFF
FRAC
2.041
0.0613
P.832
g.024
~0.011
G.043
~0.023
-0.825
~0.027
2.0017
~-3.008
P.001
~-g.011
0.010
0.018
~0.040
-0.0852
~B.045
-Gngla
-0.058
-0.063
g.031
-0.094
-@.024
-0.930
-Q.014
G.040
B.017
2.020
'00838
2.034
0.088
-0.004
0.045
-@-@19
P2.086
9.0855
-0.0856
0.673
G.048

FMS
FRAC
.27
0.026
0.028
0.630
0.027
B.027
@.029
0.027
Pp.028
.027
0.020
.817
0.014
g.008
6.009
0.020
0.031
8.836
0.837
@.045
2.050
B.846
0.059
.060
0.055
0.248
0.050
0.027
g.026
P.Q26
9.0829
B.046
2.045
0.049
P.047
0.059
2.051
0.057
P.0862
P.065
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at the lowest altitudes in Table 2.6, which accounts for much of the aver-
ape difference of about 5% there.  As noted previously, the 4 measure-
ments made in the vicinity of the 64 km apogee during a period of about

20 scconds are particularly important, since the sonde descends rapidly
for some distance thereafter. The data from these four points could have
been averaged together to give one measurcment at the average altitude of
64.0 km. The result would have been 01833 g/m3 with a fractional uncer -
tainty of .054 (about half that of cach of the four points).  The calculated
result from the fit is .190 g/m’s, a fractional difference of only (035,
Thus, these four points, as utilized with least square procedure, serve
to define p(z) accurately in the apogee allitude region,

It is of interest to compare the H(z2) values with those of an approp -
riate model atmosphere, such as that of the Spring/IPall Mid- Latitude Model
(Ref. 2.4). Values of 11(z) are not given in that particular model. It is
straightforward, however, to derive the associated (z) by fitting the two
p(z) values that bracket the altitude of interest. By use of this procedure
and the results of Table 2,6 we obtain the following:

Table 2.7

Comparison of Scale Heights
for 4/23/76 Flight

v(km) Hx'no(h'l(kln) lll,l_l(lun)
L& 6. 35 ~H5, 85
30 t, 50 6. 09
R v, 6,10
40 0, 85 TV
45 7.2 Tola
50 B, 04 T.67
b 5.0 5.0
60 8. 11 s,
th ¥, 08 ~a9,70

In veneral the Hiz) values trom the analytical it are shghtly below those
ot the model an the 25-20 S region, close in the 3s-65 b region, and

somew hat higher in the 60-65 ki region, Certainly, the apreenaent as

oy reasonable on the averape,

.
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2.2.5 Discussion

In summary, we believe that the results of applying the least square
mathematical procedure developed in Scction 2.2, 2 to the LBB {light data in
Section 2.2.3 showthe procedure to be valid.  An accurate analytical it was
obtained that is capable of representing the entire tabular array of data,
and we believe that the procedure should be applicd to future LEBD or Beta-
sonde 11 flights,

1t should be observed that a similar procedurce can also be applied to
other altitude-dependent measurements, for example temperature and pres-
sure, provided a tabular array of the measured quantily, and its uncertainty,
is available. In the case of pressure measurements the above procedure
could be uscd almost in its exact form, since pressurc also depends expo-
nentially on altitude.  For temperature the analytical function would have
to be chosen to represent, in an average manner, the known variation of

that quantity with altitudc,
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3. BETASONDE II DESIGN AND OPERATION

In this section the design of the advanced model, Betasonde 11, is given,
and details of the unit, as fabricated, are presented. Betasonde Il is present-
ly available for flight and could readily be fitted into rockets other than the

Arcas.

3.1 Description

A photograph of the complected sonde, which was originally designed for
flight on an Arcas rocket, is shown in Fig. 3.1. The basic configuration is given
in Fig. 3.2. A tripod-supported boom carries the annular beta source which ir-
radiates the air volume in the region between source and detector, outside the
shield. The forward-scattered beta rays arc detected by a surface barrier
type semiconductor detector located at the base of the tripod. A shield is
placed between the source and detector to prevent direct passage of beta par-
ticles from the source to the detector, A plastic disc is placed on the side of
the shield that faces the source, in order to reduce bremsstrahlung generation,
The distances of the source to the detector and to the shicld are fixed for opti-
mum system response characteristics. Work to optimize that responsce was
carricd out during the development phase of this contract and is contained in
our report: Atmospheric Density Mceasurement In The Middle Atmosphere

(Ref. 1.1).

The original concept of the high-altitude Betasonde utilized an annular
surface barricer detector with the source boom mounted through the center
of that detector. Although this arrangement has the advantage of simpler
mechanical construction, it has been found that the cost of a ruggedized,
light weight, annular detector ontweighs these advantages, The choice of
the below described non-annular detector is based on its cost offectiveness
and on the manufacturer's experience with the construction of such a special

detector.

Fig. 3.1 Photograph of Completed
Betasonde II Atmospheric
Density Sonde

28

S == T T Dkl SR I e e




Jl ——— Aluminum Cone j
1
. -
! t
\'»\» )
: Threshold T —we Annular Beta-ray Source
: Rod ~" ~—
Plastic Disc
(o 5
>\\\‘ .. Shield
Boom ——  TTm— -
8.5"
Tripod -——-——\ '
\ -— Surlace Barrier
\\ NDetector, Light Tight
-~ \
=Y = | ma——l \..__.j
A LIS B i
: : ' : ; l : ; Housing for
v ! Processing Elect ics
Printed Circuit /r/w ) Ly | rocessing Klectronic
Boards - : : | : : : il :
] i 1 ! | [
1 | |
1y { { ]
6. 4" H by Vel '
- ) Y ' ) bl - Charge Sensitive
Ly i e .
L N N | Preamplificr
1y ! vy ‘
by b ,
DC/DC C ters b b
~onverter
- - = — - -1
{ |
Y T S G
T T T T o 1 R

R Threaded Spacers

Figure 3.2 Betasonde 11 - Simplified View of Overall
Configuration,

: g
3 [4

_— , L _ e ih s o B N A B T s ’




The detector is a ruggedized surface barricr type with an active area
of 450 glmz, sufficient to give a reasonable count ratc up to an altitude of
80 kmi. Since a standard detector inherently responds to light in the visible
spectrum, it is necessary for this application to have a specially processed
detector featuring a light-tight front surfacc. According to the manufacturer
(Ortec, Inc.) a light-tight front surface can be obtained with 120ug/cm? of
aluminum, which is .vapor deposted directly on the detector material. The
latter is p-type silicon (rather than the standard n-type) in order for the
aluminum to become the rectifying contact of the surface barrier diode, and
thus the front of the detector. Other features of the detector arc low noise
(18 keV max for beta particles) and a depletion depth of 300um at a bias of
100V. The relatively low bias voltage is a desirable feature, simplifying
the design and assuring low power dissipation of the bias voltage supply.

The source consists of an annular disc with the radioisotope (Pm-147)
deposited and sealed on the underside of it.  The center hole of the disc is
tapped for convenient mounting to the boom. A cone fabricated from alum-
inum serves as a protective cover and firmly holds the source in place.
Source intensity is of the order of 500 mCi for 30 km maximum altitude,

The lower portion of the sonde contains «ll necessary electronics to
process the signals from the detector and to supply the required power for
the electronics as well as the detector. The system circuitry is housed in
a cylindrical container, constructed of aluminum with a diameter of 3-1/2 in.
by 6-3/8 in. long. The charge sensitive preamplifier (CSPA) is additionally
shielded by its own housing to protect it from clectro-magnetic interference.
The rest of the electronics is mounted on three printed circuit boards which
individually plug into a miotherboard. The internal power supplies (DC/DC
converters) are mounted to the bottom cover for improved heat transfer to
the outside environment.

The telemetry antenna, not shown in Fig. 3.1, may be attached to the boom
and along one leg of the tripod. Grommets in the top and bottom of the clec-
tronics housing are provided for a coaxial antenna feed line which would pass
through the housing. The mechanical interface of the rocket telemetry scc-
tion and the sonde simply consists of four threcaded spacers used to bolt the
two units together, Electrically the two units are hard-wirced together,

3. 2" Operation

The electronic system of the sonde is illustrated in block diagram form
in Fig. 3.3. The instrument consists esscntially of a solid state detector/amp-
lifier/threshold discriminator chain driving sclectively a binary divider or
passing right through to be appliced to telemetry (I'M) after suitable shaping
and multiplexing with detector temperature information.,

'This is for a 500 mCi source intensity.
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The two signals (pulses or temperaturce) are alternately applied to TM
by means of the multiplexer. A more detailed description of the system is
given below.

The forward-scattered beta rays incident on the solid state detector pro-
duce hole-clectron pairs in the silicon detector (1 hole-clectron for each 2.3
¢V of deposited energy) which arc swept up by the clectric ficld ercated by the
bias voltage, resulting ina charge pulse proportional to the incident deposited
energy at the detector output. Overbiasing the solid state detector to +110V
assures that it is totally depleted and will remain so under varying ambient
conditions; and all charge will be collected,

The charge pulse is converted to a voltage pulse by the charge sensitive
preamplifier (CSPA) and is then amplified and shaped by the shaping amplitiers.
Double differentiation/double integration shaping is used for near optimum sig-
nal to noise ratio. Use of 2 charge sensitivic preamplificr assures that the
shaping amplifiecr output conversion gain of 4 volts per MeV of deposited ener-
gy will be insensitive to variation in solid state detector or stray capacitances.

An output pulse is produced by the threshold discriminator (Th. Disc.) cach
time the shaping output level exceeds the fixed reference level. This reference
is sef at a voltage equivalent to about 2.5 times the energy noise level of the de-
tector., As stated above, the maximum FWHM noisc output from the detector
is 18 keV - including clectronics noise - which results in an cnergy threshold
level of 45 keV. The discriminator pulses are standardized as to pulsce width
and height with a monostable multivibrator or One-Shot (O/S).

The One-Shot output pulses are simultancously applicd to a binary Divider
(== 5), an OR gate (Select) and a Digital Ratemeter.  As long as the QO/S pulse
rate does not exceed about 10 keps the O/S pulses are direetly output to the
TM via the OR gate to give the desired air density information,  If the count
rate exceeds about 10 keps, the output is sclected from the =8 circuit, thus
extending the maximum possible input counting rate by a factor of ¥, The
sclection process is based on the ratemeter output and its associated control
and logic circuits. The state of the ratemeter output is continuously sampled,
When the input count rate exceeds 10,240 ¢ps the output goes low and the con-
trol circuit selects the &8 output as the air density information channel for
TM. DBelow that count rate threshold the O/fS pulses are directly routed to
TM via the Select gate, The Clock and Delay circuits associated with the
Ratemeter and Control provide the necessary logic signals for the sampling
operation and furnish a time basc for the Ratemeter,

The temperature of the solid state detector is continuously measured
with a small thermistor bead in contact with the detector housing.  The out -
put voltage of the thermistor varies according to temperature in a non-lincar
fashion and is processed by a voltage to frequency converter in the Tempera-
ture Monitor circuit.,  Full scale output is 200 tz at +50°C non-lincarly
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decrecasing to about 40 Iz at -10°C. This range gives ample margin for the
expected temperature extremes of 0° to +45°C derived from measurcements
of other payloads flown on Arcas rockets, The range also covers the upper
operating temperature limit of the detector of 45°C. 1

Since the TM transmitter can only handle one information channel, the
selected pulse ocutput and the Temperature Monitor output are multiplexed,
Time allocation is: 50 seconds for pulse ouwtput, 5 scconds for temperature
output., The FM/FM transmitter can process signal rates of up to 10 kiiz,

To achiceve sufficient bandwidth for a pulsc output, a dead time circuit in the
Pulse Shaper limits the pulse repetition rate to 5 klfz., Since the sonde input
pulse rate can exceed that rate, up to 10 kHz, a dead time correction must

be applied as described in the annual report (Ref. 1.1). Also incluaed in the Pulse
Shaper is a level translator converting standard logic pulses toa 0to -12V

pulse of 40us duration. This makes the output compatible with FM/FM trans-
mitters previously flown on Arcas rockets,

All necessary power for the system is derived from 2 DC/DC converters
connected to the +28V battery pack of the TM section. The low voltage con-
verter delivers +12V at +22 ma and -16 ma, respectively, The H. V. conver-
ter delivers +110V at max 4 ma. The power requirement for the battery is
28V at 120 ma for the above output power.

For completeness, the detailed schematics of the various circuits of the
block diagram arc included in this report, and arc contained in Figs. 3.4 thru
3.7. These show the as-constructed circuits contained in the completed sonde
in Figs, 3.1 thru 3.3.

3. 3 Prometheum Radiation Source

A Pm-147 source of intensity 500 mCi was ordered from Isotope Prod-
ucts Labs in October, 1977, When received, however, our measurciments
indicated an actual emission less than 100 mCi. It was returned to IPL for
possible repair, but when returned, it was of the same intensity,  Thus,
all measurements reported above were made with the older Pm-147 source,
which had an emission near 100 mCi when uscd. We believe it likely that
the specific activity of the isotope used to prepare the IPL source was not
as high as necessary. We feel certain that a source with > 500 mCi Pm-147
emission can be fabricated. But it will require more procurement effort
and qualily assurance than was possible during this limited program,
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3.4 Specifications

The pertinent parameters of the Betasonde IT atmospheric density sonde
are tabulated below:

Altitude Range* 25-065 km
Beta Source® Pm-147, approx. 100 mCi
Detector Surfacce barrier p-type silicon detector, light-tight,

450 mmz, 300 um depletion depth.

Telemetry Output Two multiplexed outputs: Air denuity pulses out for
508, detector temp. pulses out for 5s; 4us pulses,
0to -12V of 5 keps max. repetition rate

Size 3-1/2 in. diameter by 6-3/8 in. long clectronics

housing with intcgral boom extending §-1/2 in.
above housing.

Weight Total 1.87 lbs (850)
Power 28V at 120 ma from bhattery external to betasonde

*The altitude range can be significantly extended upward by use of a more
intense beta source. For a 500 mCi source the altitude maxirnum would
be 80-90 km depending upon the trajectory characteristics.

+#+This implics that if betasonde is used with other than standard Arcas 1680 Mliz
transmitter, the TM channel used must be capable of 5 kllz maximum trans-
mission, Capability to count the pulses is all that is required, so that some
pulsc shape distortion by the transmitter can be tolerated.
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4. SUMMARY AND CONCLUSIONS

During Phase I, Research and Development, the following was ac-
[ complished.

1. A technique was developed for inaking an analytic fit to an
entire array of density versus altitude data on a least-squarec-
basis. The procedurc was applied to data from a Low Back-
ground Bcetasonde flight with ~ood results.

2. By use of theoretical calculations and experimental measurc-
ments, it was shown that Pm-147 is the optinmum choice source
for the single-scattering betasonde. This conclusion would be
modified if it were possible to reduce the energy threshold (that
cnergy above which all betas are counted), to about 10-20 keV,
In that case, Ni-63 would probably Le optimum, and the maxi-
mum altitude could be above 100 ki,

3. A laboratory model of Betasonde I, the semiconductor-detector
version, was constructed and calibrated with Pm-147. Although
some wall-effect count rate was cvident at very low densities
{due, apparently, to the open geometry of the detector), It was
possible to obtain meaningful calibration data,

4. The calibration data were used to show that with a Pm-147
source of about 500 mCi, it should be possible to obtain about
ié% accuracy in the 90 km region for an Arcas launch having
apogee near that altitude. Below that altitude the accuracy
would be better,

During Phasec 1I, Design and Fabrication, the following was accom-
plished.

1. The design of the electronics circuitry was completed,  This in-
cludes the preamplifier, analog processing, digital logic, timing and output
pulse shaping circuitry. ‘The total power requirement was determined as
given in the Specifications, Scction 3,

2. Breadboards of all circuits were constructed in order to verily

Y

the design requirements and goals over the expected temperature range,

3. The procurement of the annular Pm-147 source from Jsotope
Products Labs was prepared and was confirmed on October 17, 1977,
When the source was delivered, it did not have the 500 mCi emission ex-
pected. A proper sourcce can be obtained, but would require more time
and cffort than could be applicd under the present program.,
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4, During the final portion of Phase II the Betasonde was fabricated,
tested and calibrated., It meets all of the original design objectives and,
with proper radiation source, would be capable of providing density alti-
tude profiles to at least 80 km - 90 km,

As described in Section 1, the final phase¢ of this program would be
Flight and Data Analysis. During this phase of the work (not presently
funded by the Army Research Office) the instrument must be integrated
into an Arcas (or other rocket) payload for launch, and calibrated at both
Panametrics and in a large (10' - 60') chamber in order to verify the high
altitude (2 70 km) portion of the calibration curve. The Betasonde 11
should then be flown to the 80-90 km region at least twice, and the analy-
tical fitting procedure described above should be applied to the data. This
will form the basis for routine direct measurement of atmospheric density
up to at least the 80-90 kim region, with possible extension to 100 ki by
use of more intense sources or lower electronic noisc clectronics. Should
this prove to be feasible, as is expected basced on the present results, i
would then be useful to consider application of the technigque up to the 100 km
region either by use of a more intense source (scveral kCi), by developing
detection techniques allowing a lower energy threshold (< 10-20 keV) - come-
binced with a low e¢nergy beta source like Ni-63, or a combination ofthese mearures,

Inasmuch as the U,S, Government has a considerable investmoent
in this sonde at this time, we believe that it should be utilized in the flight

program recommended above.
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